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NEUTRONIRRADIATION OF Nb3S~; AN0 NbTi

Don M, Parkin+ and A.

ABSTRACT

Nb’ri ●ud Nb3Sn multi filamentary composites have
baen lr’:adiated ith f st-neutrorta at 60 t 5°C to flu-

“! 9
●ncas ot I.2x104 n/cm (V > 1 MeV). The NbTi samples
show only a mud~r~te reduction of Xc aa a function of
neutron fluanco in an appliad field of 40 kC, Reduc-
tion in Xc waro observed for fluencee greeter than

!3x1O 7 n/cm2 and ●~turote tit 18% for fluencee greater
than 3-4x1019 \\/cm . The Nb Sn compoeitee showed large

ineutron radiation inducetf ch Nt$eu in Tc, Ic and HC2,
Rnductione in Tc2were obearved for i.encee gremter
than 7x1017 nifm , No ●anur ble chengee in IC(40 kC)

11woro obeerved ‘JC~OW 101 n/cm , Batw*en 2 ●nd 3X1018
n/cm2, however, there ie an appsrent thr-ohold whero ●

wry rapid raducticm in XC(40 kG) irn initiated, At ttm
throehold the decreas in T ie 13%. Satwoen the

tthreshold and l,lx1O1 n/cm~, XC(40 kti) hae eecn re-
ducad to 4X of the utdrradifttod value. These changee
;risuperconducting propertiae in NbTl ●nd Nb3Sn are
malysed in tame of the radiation induced defacts,
Th@ impact of the reeponme to irradiation of b.rth ma-
toriala on their ●pplication in fusion reactor mas-
treta ia diecucsed.

1, INTRODUCTION

8upttrconductin~ masrtetc have ham proprmd e~ in-
tograi component~ of naw Nigh llnerxy Accelerettxo ●nd
Cwttrollod Thermonuclear Reactor@ (CTR’M), Supercon-
duckin~ taasnets in troth ●pplications will he rnubj.ct co
rad:.~tlon fiuldm in which thu @Ltfrorcnnductor will un-
dar~o radietion dcmas~, Tha moat important of thaae
application in tamn of nuatained radiation flux,
@oonam\ca and impact on aocfar.y la Mupercunductirts mdp
nota for plasma confinement in fumim reactore. The
larso •iao~ 10-20 matar trora for ttroidal field toils,
and tho arasnatlr! fimld at tho plasma, 40 to 60 ktl, mra
important pmramelara in datermintrv, tho ~conomire of a
fuotan reactor concapt,l ;,a a rm~~lt, tha raeponeo of
toahnolonlcally importenl nupcrronuurtnrs to radiation
c~pooura can play an importent, ruh in detarmlntW the
aa~rrotd@nim charau{orlnticri mnd cnntm of a raactrw
aoncdp t,

The two tiuparlot~du,trrrm wet frequently conaitfar-
.rl fer appltcat!on ara NbTl and Nh fin, TIM maximum

4flcld at tho conductrrr fnr NbTl ap Iicationa would ho
80-90 kUat\d 1$0’”160 kU for Ntrl!lo Studtea of tha of-
foatn trf rivltatio~,~~lns wutrun~ ~-~ *nrf Qnorgotlr
aharsod parttri~n I\av@ nhown that chatinaa in 1,,, T,
and W02 o{,rur tn holh mAl@I~lt~MI of tlm twumotariaii,
Nh3#nwhivh hmm tlw A-13 M.rul’lwro, in rmre asnnlttv~
ttr radiaflwl Uh*II NhTi. tlnm npwltlr ohmorvation of
those atudtua tQ that not rrnly atw the unlrratfiatvd
aupwetrt)duotttw prrrpt$rlitwt tuwh fin rt’illral ourrenr a
hrtrvtttmof uampl~ prqmrattwn, hut the rdmrwd rad{
atlrw dttm~rtoofttu’tm *r@ #lmtr dopondpnt ON thm tntttal
stats nf tho rnamplot To rntudy thtI ●tforta Nt I1911trun
irratllallnn In n\illOrtJkiild\lt*t{t\u mfiunptml *nmino9rln*
matorial~ ttl Lh9 fwrrn of multitllarwntaty vrn8prMLtort
b4rc wad Itt thin Mtudyt

)Mrtuarrtpt roc~ivcd tbplwnhrrr U), 1974,

UULTIFILAMENTARYCONPWTESk

R. Sweadler*

II. SXPERIMSNTAL

Samplee of NbTi and Nb,Sn multifilamentary compos-
ite arvi-eingle phaee shsmi;al vapor Liepoeited” NblS;l
wore irradiated in tho fsat-rreutron flux of the B;ook-
haven High Flux ftaam R?.actor (HFBR), The temperature
of the eamploe during irradiation wae 60 i 5*C. Irrad-
istione were performed up to fluencee of 1.2x1020 n/cm2
(E > 1 MeV), The NbTi eamplee were ccaunercial “Super-
con 402” wiree with 402 filGmente of NbTi and a compoe-
ita diameter of 0,02 cm. The Nb3Sn ●amples were fabri-
cated ●t Brookb.aven National Lab. by H. Suana&a aa 0.04
cm wire containing 19 filameute iu a CU-10 wt % Sn ma-
trix. Am ●hewn in Fig. 1 tho Nb,,Sn filamanta coneiat
of ● capper core, unreacted Nb ldyer ●nd a Nb Sn diffu-
sion layer. iA more detailedl~secription of t CI eampla
material it given ●leewhere.

Critical currant meaauremente ae ● function of ap-
plied field and meauurament temperature wore performed
using ● four-point reaiatanca technique. The critical
current wae defined ●. thtr current for which 3vV wae
devolopad ●croee a l-cm lenuth of ●ample. Each da~a
point in tha fitpiree ie the ●verasa value obtained from
maaauramenta on teveral independent aampleo, The crit-
ical temperature, ‘Tc, meaeuremantm were made usinu ●

otmdard mutual inductance technique.

111, DISCUSSION

Nb’J,&
Resuito of the 4.2 Km@aauramente of Xc on NbTi ●m

t function of nwtron fluence with HI-M kO ●re given
in Fin. 2. k’) ~ere obrnerved for

%~~&”~!OIY(!~cm~, At fluencanabw,,
‘luencft ~~gm~, the reduction in Ie(40 k(i) tends to3-4X1O
aaturata at 18%, For H lass than’40 kO, however, Ic
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FIB* 2* 16(40 kG) at 4.2 K ●n a function of faat-
nautron fl;encrn for NbTi multifilanmtary composite.

continua. to dacrcaaa, From 1.6x!.019 to 1, 2x1020 nfcut2
tho dccrasso in Xc tit10 and 20 kG soos from 21 ●nd 17%
to 29 ●nd 27X roapactivoly. Furthar, for H laaa than

i40 kG, the I roductiona ●ra not only largo but atd
oosorvod ●t ~cuar fluoncom than at 40kG,

The masnituda of tha reduction In 1C(40 kG) can lm
comparod to othar nautron irradiation ntudiaa of NizTi
ftlamanta. Soall ●t ●l.12 irradiated bare filamanta ●t
5 K with Iitutrona. After irradiation they ●nnoalad
thair ●amplaa at roo!u tamparature. Aft@r nnnaaling ●

19% oduction in Ic ramainod at ● fluanco of 7.5x1018
!n/cm . Tha antimatad reduction in Xc from Fis. 2 for

this @tudy in 12X.
Oacraasarn in Ic in NbTi hava bocn obaarwd ●ftar

low tamporatura neutron irradiation ●nd docraasas in

~;t~818nSn!c!qutaro,l
havs b ZIn obmrvad aftar low tomparaturo

irrndiatiort, Tho ganaral modal
which thcoa ●uthora hava used to ●nal.yza tha obnotvad
r~duct~ono in t iu on. in which tha radiation inducad
dafoctm rcdwca ~ho pitmin8 ntrongth of praoxhtine pin-
ni~ cazttirrn. ‘i’ha pinning ●trangth ia raducod by tha
d~croasimj difformca in dofuct cnncantration b-twaan

9
that in t a matrix and that in tlw pinnin~ contara.
Wohllahan haa ●xtandwf thin ●nalysin to inclwda tha
ttffoct!t of rotluctiwta In Tc and Ifcj. Na concludos that
●ftar low tampsrttturo proton irradiation 70% of tha do-
cromm in tc, ●riaaa from ● reduction i’ *inning otra~th
●nd 30% frutn n raduction in Tc or ~2t In tho pronant
otudy only dacrwtaon in 1. wtro maaaurad ●o that ii da-
taihd application of Wohilubans modol can not be mada.
Wohll@bon ohaorved a vnnatant porctntago donr
tha I (N ,Tm) nurface for tho 3x101~ and 1x10

1!
~~a;;::20f

irfatl~at yna an a 7,7% reduction in Ic watt found ctftor
tha lX~~ p/em irradiiitlon plum rum tampornturo an-
neal, ll)iII data czm Iw romporud to tho proaant dnta hy
ctilculatin~ the r:diatinn lnducat! da f?ct prodwctjon
crcm sortton :nr nautronn and protonn. Afzproximata
calculation* of IIc dofvcl production rrn~la aocttona
@how that tho rotnn dat

-!
inc udau the dot’ect produc-

tion ran P 10
.! to ,0-I’’3X10-1’{,’J

and 1110 prdnwtt neutron
data 10 dpn, In tha ntima tfpa rangrn tha two
sets of datm show dlfforins rndltttlon offm:t~. In tha
ngwtrnn data, I, (II ,T ) im n’lt cotvttaut and tho corr~-
cpondina rodwct\on~’ i!! Ie whatt cumparod to thr ztnl~aalfd

b
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Fig, 3. IC(40 kG) ●t 4.2 Kas ● function of faat-
nautron flucncs for Nb3Sh multifilamontary compctiitaa.

proton data ●ra largar in tha nmttron caaa. Thasa dif-
farancea could bn rolatod to tha typo of irradiation
●nd th- ●ampla matarial,

~3~ Lar8a raductionu in T , Hc ●nd I war. obsorvztd
~ Tfiisaonaitivityin Nb3Sn ●fter nautron irr~diat on.

nautron~-s
to Irra i tion has a s baan oba rvad by oth ru aftar

9proton,s~$l~o dautron and t)xygan ? bumbard -
mant, Littlo or no raduction in I f

f
4 k~wna

llgnca balowcl$g “~~cm , M.
tw,on 2 and 3xtO~v~;mi, how.v,r, thera itz ●n ●ppar-
obu-rvad for nau

●nt thraohold whora a vary rapid raduction in LC{*U k:;
s ● in Fig, 3. Satwaan tha thrashold

:~di~t~~~f$s~cm~ Ic(40kG) has baanraducad to 4%of
tha<unirradiatad valua,

Tha roaponaa of T to nautron irradiation is ●howm
in Fig, 4. Tha normal!std cricical tamparatura,
Tn=Tc(Ot)/Tc(0) ia comparmd fo.’ tho Nb3Sn composite
●nd singlo phaso Nb3Sn, ‘rha initial Tc’a aro IS and
18,1 ratpoctivaly. Moamzramanta of Tc on tha Nb3Sn

.JJ●.l_uLuuL_LLL..~JJJ J
o Id’ 10’R Iom ,Ozfl

~iu, h, Normaliuad
= l’o($t)/T,(0) an m
for Nb3th\ hnd Nb3Sn

Flutnco (n/cm2E~lM.V)

crftical tampnraturu Tn +
i’uwtion ot faat-neutron fluenco ; o
mult,ifilamarttary rtnupowitrn~. 1

.,
,,
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Fig. 5. I ●t 4.2 K am ● function of H for Nb3Sn mul-
tifil.amcntt”
‘r~l l,6x~O~~ cOn’p08iteto l,2x~o~Oirr’’djat’d wit+-

~aot-neutrone
nlt.m .

composite could only be made for Tc greater than 9.1 Y.,
tha Tc for the Nb cnrea in the composite. In thie tam-
poraturu ranga the nwmalized raduction in Tc agraea
trith that for the pure Nb3Sn. At thm current threshold
the T reduction ia 13%.

ha magnitude of the radiation induced reductions

?
.2 K) are indicate$ in Figs. 1 and 5, Batween

~lx 8[$ and 1.6x1019 n/cm” HC2(4.2 K) ia reduced balow
40 kG. Tn this f]uence range the projectod Tc changea
from - 8.9 to- 7.5 K,

Maaauremante of Xc an a function of H to 40 kG
Jand maaauring temperature, Tm tn 1,9 K, we @ conductad

on aqmplao irradiated to flucncen greater thnn 1.6x1019
rtfcm . The ranulta of these m~auuramante are gu~ar~zed
by tht data in Fifi. 5. Within ttm data acattm indi-
cated in Fig. 5 no fluenc~ dependence of Ic(ll ,Tn,) could

Abc detected in thene aample~. Further the ac ttar in
tha data waa not a ayatematic function of fluonce. The
influencw of N z and Tc

f
on Xc wan ●xpacted to be maaa-

urable since tie projectad ‘Tc’s are from O-4 K, The
raaulte of the#c meaaurcmanta can be interpreted in two
waynl 1. in thn Nb3Sn composite, tha fluance depend-
●nc’I of Tc In greater than for pure Nb Sn and Tc waa

1below 1.9 K for all aamplc+a, 2, for a 1 Tm and’H ,
Hc2(Nb3Sn) was lcaa than for tha t% coma and Ic( A~,Tm)
for Nb3Sn wan much lens than for the Nb Core@ nwiki g
tha Nb3Sn propcrtioa not dctoctable in the presence of
tha Nb. It waa not poaalble to datermina which ~ntar-
prctation or combination of the two in correct. In
either CUUC, tho maanuremonta arc believed to nhow the
propertica of the Nb coree. This I,ntrvpret.atiolt ie
supported by the fact that an HC2(4,2 K) * 9 kG ia in
●sreamont with the valuo of 9.3 kG reportad hy Keil
at al, ]5 for nnncoled Nb,

Increa+n followad by decreaaes in X In Nh3Sn aa
● funct?urr of itrndiation flvence hwe be~rr rnportad in

R 9 The basic ❑odel used to analyze?-ha literature. ~
this data la ona lrr which the radiation inducc,d defects
act aa pinning centers which enhance tie current and
●fter a critical concentration ,ia reached their pinninfi
effcctivenees is reduced by further irradiation and the
current decreasea, The amount of Ic increaae being a
fu:lction of initi~l Ic vulue aud type of ‘.?iadiation.
In the praaant raaulte no 1= increaee was observed,
●uggeatinq that the :udiatlon inducad pi.nniug centers
were not aa affactlvc ~.e the preexisting ones in tne
composite eampln~. However, the present data huve two
important similaritiaa with the literature data. The
fluence dapendance of tha reduction in Ic in the com-
poalte aamplee ia similar to the fluence dependence of
the dacreuae In Ic after the ptak mcraaee obsarved by
othera. Thie ie anpacially true nf the oxygan irradia-
ting data. Sacond, the point at which Ic ●tsrta to de-

-)
crea~e in oth caaea occurs at tha same valua of dpa,
i.e. * 10 dpa. Stated in anothar way, a rapid de-
craaae in I occurs after about the same number of de-
facta have ~aon produced in Nb3Sn independent of sample
preparation or typa of irradiation.

At tho point where the dacraaaa in Ic occurs,
thare is u corresponding 13% reduction in Tc. ‘The re-
duction in Tc following nautron irradiation in Nb3Sn
hava baen shown to be a general phenomon in a lacge
number of Nb baaad A-15 ●uperconductora. 16,17 rhe ob-
●erwi changaa in ‘Tc have been correlated with radia-
tion inducad disorder in the A-15 atructura. When an
●tom moves through al~ ord~red lattice such aa tha~ in
Nb Sn after receiving kiretic anargy from a neutron
●c~ttering event, both point dofecte and lattice die-
order are produced ae its anergy la dissipated.

In Nb3Sn the superconducting properties are alter-
●d both by radiation induced point defocta and radia-
tion inducad diaord6r. At Lhe ●tart of the ritpid de-
craaaa in x , tha Lattica containa not only a aufficiert
concantrati%n of radiation induced interstitial and va-
carcy type defacts that can directly effact lC, hut al-
●o anough radiation induced disorder to produce larga
reductions in Tc. f.toth of thcae typea of radiation
damaga muet be co,widered in analyzing the affect of
radiation on Sc in Nb3Sn. The radiation induced dla-
order and tha resultant changea in Tc and H

cl?
must be

incorporated iw a modal that daacribes the c angcs in
Ic . The radiation induc@d change in I in Nb Sn are

Adue to flux pinning effacta and signif~cant c nngaa in
the fundamental superconductivity paramatera.

N. CONCLUSIONS

Nautron irradiation at 60 t 5°C of NbTi mwltifila-
mentary compoaitea shown only morfarate raductiona in

~~~~e~~~anR~~~~I#ona ‘~ ‘c ‘ereobeeNed for fluencaan/cm and naturatio at lG% waa ob-
?aorvad for flusncea abova 3-4x1019 n/cm . The pranent

nautron irradiation data wera compared to other irradi-
ation data. It waa observed thnt the preeent data
agreed with low tampcrature neutron irradiation data
but mome di.fferencea with low temperature proton dnta
wera diacuaaed. The obsorved reductions in Ic are pri-
marily caused by a radintion induced reduction in pin-
ning strength. Maanuramentn of T and Hc were not
m&da ao that an analyaia of tha cffncta o? reductions
in Tc and HC2 on Ic, could not be made.

Large reduction in Tc, IIC2 and Ic were oi,:fir$cd
in the Nb3Sn mult!filamentary compoeitas. A very rapid
dccrenae in XC(40 k ) occ ra ft$r neUtrOn fhlOnCQS
~reater t,lan2-3x~01$ n,cmti, Nauaurab,e decrea~8s~n

Tc waro observed for fluances greater than 7x1O ‘ n/cm2.
Rewiuctiona in N

Ci
wore alao observed. The sensitivity

of Nb3sn to irra iation id due to radiation induced de-
fccte and rndiation produced ditrorder in th~ A-15
atructura.
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The operating parameter for superconductor.g meg-
nets in application in radiation fielde such aa in a
fusion reactor will be at temperature near 4.2 Kand
at maximum fields at the conductor of * 160 kG for
Nb3Sn, and 90 k6 for NbTi. Since re uctions In Tc and

$HC2 have been observed for both NbTi and Nb3Sn ft iS
reasonable to speculate that the radiation induced de-
gradation of the superconducting properties might he
greater and occur at lower fluences than under the con-
ditions discussed in this paper. The relative megnl-
tude of the radiation effects diecuesed in this paper
.UggeatthstNb3snwould be more sensitive to irradia-
tion under these conditions them NbTi.
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